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Impregnated activated carbon for emironmental protection 

K.-D. Henrdng and S. Schafer 
CarboTech-Aktivkohien GmbH, Franz-Fischer-Weg6J, D-45307 Essen, Germany 

ImDremated activated carbons are carbonaceous adsorbents which have chemicals finely distributed on their Menial strrfa^The 
Station optimizes the existing properties of the activated carbon giving a synergism between the chemicals and the carbon. This 
Te re^of certain impurities from gas streams which would be impossible ota For cnvtronmenml 

protection, various qualities of impregnated activated carbon are available andhave been used for many years m the fields of gas 
purification, civil and military gas protection and catalysis. 

Keywords: activated carbon; impregnated activated carbon; mercury; hydrogen sulfide; environmental protect 
Introduction 

Activated carbon is the trade name for a carbonaceous adsorbent ^vhich is defined as follows 1 : ^ 
Activa ed carbons are non-hazardous, processed, carbonaceous products, having a porous structure and a large internal sumce area. These 
£SSc£ adsorb a wide variety of substances, i.e. they are able to attract, molecules to their internal surface, and are therefore called 
adsoibente. The volume of pores of the activated carbons is generally greater than 0.2 ml S The internal surface area is severally greater 
than 400 m 2 g" 1 The width of die pores ranges from 0-3 to several thousand mn. 
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Figure 1: Schematic activated carbon model 

Ml activated carbons axe characterized by theii rarrniied pore system within which various mesopores (r = 1-25 nra) rm^opores (r = 0.4- 
fo S aid sub micropores (r < 0.4 mn) branch off from *hai we call macropores (r > 25 mn) (Figure I ). Activated carbons have been 
i-dtewyiSe successfully for adsorptive removal of impurities from exhaust gas and waste wM. However far cost- 
Svi™ Ltain knpurities contained in gases (such as hydrogen sulfide, mercury end — ) 3 the ^orphan capites and 
rates must be substantially boosted by impregnation of the activated carbon by suitable chemicals. When these 
aSSostod on to internal surface of the activated carbon, the removal mechanism also changed THe impurities are no longer 
removed by adsorption but by cheaiisorption. 

Three reasons for impregnating activated carbon may be defined, and relevant examples arc given below. 
1 Optimization of existing properties of activated carbon 

Activated crebons are capable of catalytic oxidation of organic and inorganic compounds. The property of oxidation catalyst mo be 
boosSd by for example, inmwgoatioD with potassium iodide acting as promoter. Potassurm todtde-rmpregnated actuated carbons are, * 
fact, already used for catalytic hydrogen sulfide oxidation to elemental sulfur, as described later. 
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2 Synergism between activated carbon and impregnating agent 
this paper). 

3 Use of activated carbon as an inert porous carrier material 

v « *-h r-rhnn k used as an inert oorous earner material for diluting chemicals on the large internal surface, Thus making them 
i C cSi?t^e^Fo" S^tSSS^m impregnated with phosphoric acid is used for ammoma removal: 

H 3 P0 4 +3NH 3 =(NH 4 )3 P0 4 

As well as the pore radii distribution of the activated carbon to be impregnated, the chemical composition and the quantity of the 
impregnation agents used and their distribution in the pore system axe very unportant. 

Manufacture 
carbon. 

a - « soakinc imore<mation spray impregnation can be used. In that case the activated carbon is sprayed in a rotary kiln or in a 
^•^^SSSSSiSis The imprecated wrf activated carbon needs to be dried in an appropriate installation (e.g a rotary 
fluid-zed ^ d ^,^ d Xfter SavX mTSm* of the impregnated activated carbons can be used industrially. In some applications 

SSiC^ (TSO to 200°C) to decompose the anions. According to the application, vanous activated carbons (pellets, 
granular and powdered qualities) are impregnated with suitable organic or inorganic chemicals. 

Womoeeneous distribution of the impregnating aeents on the internal surface of an activated carbon is important. Furthermore, blocking ; of 
SSSS *S» w ihmSd ^voided in order to keep the impregnation agent accessible for the reactants. ^nnanon oa fe 
KSSilS'SSrSution and accessibility to the reactants can be obtained in the laboratory by a comomation of adsorption and 
immersion techniques. Bansal et al? and Rebstein and Stoeckli 3 cammed a sulfur-impregnated activated carbon for mercury removal 
Si is predominantly distributed in the micropore system and that no pores are blocked. 



W * micropore volume 
L - mlcropcr* nldth 



D.3 




Figure Micropore distribution of basic activated carbon D47/4 (.) and of the same quality impregnated with 15% sulfur 
figure-. " (D47/4+S)(0) 

Figure 2 shows a comparison of the micropore volume of the initial activated carbon quality D 47/4 and the same activated ctA^Kty 
with 15 % sulfur (D 47/4 + S). The impregnation reduced the micropore system's surface from 742 to 579 m- g . Thus, not 

the adsorptive removal of farther gas impuriues can also be achieved 
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Products and application fields 

Impregnated activated carbon is predonainantly used m the following plication fields (JabU J ) 



>2.4 



1 . Gas purification. 

2 . Civil and military gas protection. 

3. Catalysis. 

For these applications the manufacturers offer various qualities of impregnated abated carbon. 
Table 1 'typical application fields of impregnated activated carbon 



Gas purification 
Application fields: y 


Civil and military gas protection | 


Catalysis [ 


Application in gas masks, room filters and respiratory 
apparatus filters: J 


Application in 
catalysis: I 


■ it 

Hydrogen sulfide 

II 


Sulfur dioxide 


Vinyl acetate | 
1 synthesis J 


Z „ 1 

Mercaptan 


Hydrogen chloride 


Vinyl chloride 
synthesis 


|.. .. -i— i — i 

|J Mercury j 


Hydrogen fluoride 


Vinyl fluoride 
synthesis 


Ammonia 


Nitrogen oxide 




Amine 


Amine | __ 


Acid gases {HCI, S0 2 > HF, 
HCN) 


Hydrogen sulfide jj 


Arsine 


II 

Mercury || _\ 


Phosphine 


Radioactive iodine 




Aldehyde 


Radioactive methyl iodide || 


Radioactive iodine 


Phosgene 


i 


Radioactive methyl iodide 


Hydrogen cyanide || 


Nitrogen oxide 


Chlorine || 




Arsine 1 




Sarin and oxher nerve gases 





Table 2 contains a list of frequently used products * well as information on the quality and quantity of the impregnation agents, the basic 
activated carbon qualities used, tmd the relevant application fields. 

Table 2 Commerical qualities of impregnated activated carbon 
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Ammonia, amine, mercury 



Ammonia, amine 

Acid gases (HC1, HF, S0 2? H 2 S, N0 2 ), carbon 
disulfide 



H 2 S, mercaptan. COS 



H 2 S,PH 3J Hg, AsH 5; radioactive 
gases/radioactivtmetbyi iodide 



Radioactive gasestodioacuvemethyl iodide 



S from oxygen4acking gases 



F: phosphine, arsine 
G: domestic drinking water filters 
(oHgodynamic effect) 



Hydrogen cyanide 

CivO and military gas protection 
Phosgene, chlorine, arsine 
(^oropicxin, sarin and other nerve gases 

Vinyl cliloride synthesis 
Vinyl fluoride synthesis 



Vinyl acetate synthesis 



Organic synthesis, hydrogenarion 



F = peptized activated carbon G-granulated activated carbon P - powdered activated carbon 0 - pellet diameter 



It is obvious that each impregnation agent is frequently used for various purgation .tasks H» example of the potassium iodide 
impiegnation shows that in these cases a variety of removal mechanisms become effective. 

Potassium iodide, as promoter of the oxidation catalyst 'activated carbon', allows catalytic oxidation of hydrogen sulfide to sulfc or of 
phosphine (PH 3 ) to phosphoric acid: 

2PH 3 +40 2 =2H 3 P0 4 

Furthermore, potassium iodide-impregnated activated carbon can be used for removal of mercury from gases. 

. ^ . r tAtrtT ™ /13 It ^ 133 H are produced during nuclear fission, and this elementary iodine or 
In nuclear power ^^^^^^.^ F«^£Sal of radioacWe iodine or methyl iodide, adsorbers are used which 

radioactive methyl iodide may pollute iodine is f^y rem oved and deposited onto the activated carbon, 

iole of the impregnation agent tto place (isotope exchange). Owing to the low half life penod of th, u>chne isotopes (" 4 - ..04 
days, 133 ! = 21 h) s me loaded activated carbon rapidly becomes inactive. 
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For each of these three plication fields forpotassium iodide-in^ed activated carboy it should be noted that a differ** basic 
2Sed STn, optinSd for the tended task, is impregnated wrth potassmm iad.de. 

Two examples from the field of env^onm^l protection, namely mercury and hydrogen : "Kfe""^ from gases, may explain the 
£ elopS fiSSe of impregnated activated carbon and provide advice on the des.gn of adsorbers. 

Mercury removal 

t *.ct m all other metals mercury is in the liquid state at room temperature andhas a relatively high vapour pressure of 171 Pa ( 1 5 

processes (adsorption processes) are in operation. 
Development of optimized adsorbents 

For developing impregnated activated carbon qualities for mercury removal, the- basic activated carbon quality D 47/4 has been 

- ^ of chemical The removal performance of the adsorbents has been tested under dynamrc condor, { Ta b U 

n 

Table 3 Test conditions for mercury removal 



Parameters 




Hg-content in the mv gas (mg m" 3 ) 


2.2 ± 0.5 


Temperature (K) 


29S j 


Bed depth (m) 


0.2 | 


Velocity of flow (ms" 1 ) 


0.3 j 


| Residence tim* (s) 


0.66 j 


[Method of analysis 


AAS j 



TV *r 0 ,t»A ,Mivai»H carbon D 47/4 is basically suited for adsorptive removal of mercury from waste air streams. The mercury 

The non-tieated actrvatcd £j»££4//4 a oas^ > P ^ ^ ^ ^ ^ fte ^t^iod 

^^^^S^S^^S^^ mercS-bre^kthrough rate of 50% after 130 h. It was found earlier tjat rodine 
^Sfon of SSn results in substantial improvement of the mercury adsorption capacity. These ^-impregnated 
S fZl Pre fer used as filter materials in breathing apparatus allowing a safe stay m mercury vapour contaminated 

l^Z 1 1™ q m7?^r?th7 P W 1 cauon performance and the useful life of the D 47/4 activated carbon is substantially boosted by 
S^^^^XiSTtodide. Possibly, the mercury reacts under the catalytic influence of «hc activated carbon to form 
ScSytdide. The adsorption mechamsms of the iodrne-treated activated carbon surface nas not yet been expired. 

If activated carbon is impregnated with sulfuric acid, the mercury elimination rate and, above all, the adsorption capacity are substantially 

boosted (Figure 3 ). 



dt^-r.aTHnri.r-nm/enviro.html 

PAGE 9/14 * RCVO AT 211812005 2:38:14 PM [Eastern Standard Time] ! SVR:USPT0-EFXRF-1I3 s DNIS:3729306 * CSID: * DURATION (mm-ss):04-32 



10/26/2004 



Act/"' 



L 1 §;i? ( !5 l : 2 : 45 Ffvlrbon Lir'- Impregnated activated carbon for euvj-nmentaj p NQ ? , 



P. 



10 





+ 2%Kl\ + B% H 2 S0 4 ' 
x 



Time (M 



i ill itui 



10QO0 



Figure 3 Mercury damnation rates of non-impregnated and inmregnated activated carbon 
qualities are suitable and commercially available-adsorbents for mercury removal. 

11* mercury vaxwi diffused into ihe activated carbon's pore system reacts, urder the catalytic effect of the activated carbon, with the 

sulfur distributed on toe internal surface to form mercury sulfide; 

rig S — 



The kinetics aie limited by the following mass tj-ansport steps; 

1 . Diffusion of mercury to the external surface of the activated carbon. 

"> Diffusion of mercury into the pores. 

i Adsorption of mercury at the active sites of Has activate carbon. 

4. Cbemisorption of mercury by sulfur. 

^ i ■ ^ ^„a;^c inrrP^M meieurv eiirmnatiori rates as a function of decreased particle size. In the commercial use of 

MC ^^S^T^^^^is Obtained with identical bed height, but a higher pressure drop has to be 
adsorbent. ™th small .P^^^JJ ^^^£5 as the accessible surface of the sulfur distributed on the internal activated 
overcomejvlcrcury ^nusorptiOE case of an 1 1 adsorbed sulfur, a stoichiometric mercury adsorpfcon of 

G j v , nhoP , Hieadx'antaces of different impregnated activated carbon qualities in terms of 

means of mercury removal. 

Table 4 Impregnated activated carbon qualities for mercury removal 




Impregnation 
agent 


Purification j 
efficiency 


Adsorption 
capacity 


Corrosion 
problems 


None 


Poor j 


Poor 


None 


Potassium 
1 iodide 


Good 


Good 


None 


Sulfuric acid 


Good 


Very good 


Possible 


r i 




1 
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Sulfur 



Very good | Very good 



Application examples 

As mercury or mercury^ontaminated raw materials axe used in numerous mdusr^l proces.es, mercury is often released vi 
ii^SK Mercu^emissions mainly originate from the foUowmg processes: 



•ia waste water 



1 Plants for fossil fueled waste combustion. 

2. Alkali cbloride-dectrolyses according to the mercury cell process. 

3 Batter,- and catalyst factories. 

4" product of mercur^^ 

5. Production of electric switches, measuring mstniments and fluorescent lamps. 

6 Mercury removal from natural gas. _ _ . 

?; Waste gases from plants for recycling fluorescent lamps and battenes. 

8 Plants for thermal decontamination of soils. 

> 98% can be obtained. 

Table 5 Design example for mercury removal 




Parameters 



Gas stream (m^b" 1 ) 



Mercury content (mg rn* ) 
Service life (h) 



Purification efficiency (%) 



2.5 



SOOO 



>9S 




Adsorber flow area (m~ ) 



i depth (m) 
Adsorbent requirement (rat/ year ) 



Activated carbon 



0.6 

25 



D 47/4 + S 



Hydrogen sulfide removal 

All natural or synthesis gases original or made from sulfur-containing raw materials contain hydrogen sulfide <? 2 S) 
^Sons^S to the high toxicity of H 2 S (5000 PP m of H 2 S are k*rf with* seconds), rts entente! unpact (0.02 ppm smeU 
STdftc. at a catalysTpoison and for reasons of corrosion protean, all H 2 S has to be removed P nor to the use or transport of 

the gases. 

Catalytic hydrogen sulfide oxidation 

A dry blend of H, S and oxvgen docs not react at ambient temperature, but onry at temperatures above 200°C However, in the presence of 
activated carbon, H 2 S reacts with oxygen at low temperatures to produce sulfur and water: 
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2H 2 S+O 2 = , <"«S s + 2H 2 O + H 0 



(H 0 = .444kJ) 



™i!E.ob<.m»Wco» 1 islii>gof W t<,100%b>-w„gb 1 «fs»lto. 

carbon is tbe actual catalytic step. 

The H, S modules » P^y dissected ip» protons and hydrosuHIde ions. The latter react with ft. oxygen radios to form hydroxyl 
JnsJd which is adsorbed on the activated carbon. The protons neut^ize the hydroxyl ,0ns ft* producing water. 

For boosting the activity of the oration catalyst activated caxbon-a large variety of promote were tested. For H 2 S reevaluated 
For boosting tne actrviiy ot , ^ diff^tly from others since, on 

only increases the reaction ~ 2 **% potasSm iodide at reaction 

onto tnc activated carbon catalyst. 



— 1000 



p u c - 329 Pa t5g/m } 
H 




B 10 12 14 16 18 20 22 2** 
Time on stream (h) 



Figure 5 Influence of temperature and promoter on activity 

& above-deserted catalytic H,S oxidation other mctims <n impregnated activated caiboa e= be «sed for H 2 S removal. At 
^ ^p^f( " 5.-C, JJta ti pre»,e. of „.ter H, S - a! S o be removed Odto activated c»bo, b^** - 

potassium carbonate (Desoiexprocess4 ): 

H 2 S + K 2 C0 3 + 2 0 2 = K 2 S0 4 + C0 2 + H 2 0 

• j i ^ ^ T^^nerated bv scrubbing with water. After a potassium carbonate 'frcsbing-up' impregnation, the 

fror/o^-free g ase S (such as carbon dio.de), frequent use 

Ltat o^ted carbon taj**** ^ P«**- permit*. Pot™ P^anate is convened donn S impregnation to 
manganese dioxide which effects H 2 S oxidation. 



. . . . . 10/26/2004 

PAGE 12114 1 RCVD AT 2118/2005 2:38:14 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/3 * DNS.8729306 » CSID: * DURATION (mm-ss}:04-32 



-Acti^- 18 -- 2005 » 



46 FMrbaa Lir'~ Impregnated activated carbon tor envi-Miu^uu P ., 0 p 



Application examples 

ftoni industrial gases. Typical application fields of Activated carbon removal are: 

1 Waste -ases m viscose industries (Sulfosorbon and Thiocarb processes). 

2. Residual gases from Claus processes. Synthetic gas punficatiou. 

3. Natural gas purification. 

4 . Landfill gases and sewei gases. 

Table 6 Design example for H 2 S removal 




The design example of B.S removal from landfill gas (Table 6) shows the use of nnpregnated activated carbon. The H,S conception of 

,00 mo m-3 of a 500 gas stream must be reduced to a value ofless toftli^m^P-^d«^«~o^^^ 

200 mg m J**^ with 1.4 m of diameter and 2.5 m of bed heaght » required. 



life of about * 



Please do not hesitate to contact us via 



^ton^ink with any of your queries related to this subject matter or any other activated carbon 
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